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1
GAS CHROMATOGRAPH APPARATUS

TECHNICAL FIELD

The present invention relates to a gas chromatograph
apparatus. More specifically, the present invention relates to
control technology for a gas chromatograph apparatus.

BACKGROUND ART

A gas chromatograph apparatus is an apparatus which
feeds a gas sample into a column via a carrier gas, separates
the respective components in the sample over time inside the
column, and detects the components with a detector pro-
vided at the column outlet. Since the rates at which the
respective components move into the column differ depend-
ing on the strengths of the interactions between the respec-
tive components in the sample and a stationary phase inside
the column, the respective components are separated over
time. At this time, the flow rate of the carrier gas is set to a
rate within an optimal flow rate range at which the compo-
nents in the sample can be sufficiently separated and at
which peaks with sharp shapes can be obtained. In many gas
chromatograph apparatuses, helium gas is used as a carrier
gas due to a wide optimum flow rate range and high safety.
Although inferior to helium gas from the perspective of
safety, hydrogen gas is also sometimes used as a carrier gas
due to a wide optimum flow rate range, as in the case of
helium gas.

The rates at which the carrier gas or the respective
components in the sample move into the column change due
to the temperature or the like inside the column. Therefore,
analysis cannot be performed accurately until these are
stabilized. However, a long amount of time is required from
when the power of the apparatus is turned on until the
temperature or the like inside the column is stabilized at a
prescribed value. Therefore, even if there is a certain amount
of time after a given analysis is completed until the next
analysis is performed, it is typical to maintain a standby state
in which the temperature or the like inside the column is
stabilized at a prescribed value in the same manner as at the
time of analysis while the power is kept on. The carrier gas
is circulated into the column even in the standby state. This
is to prevent the stationary phase inside the column from
degenerating due to water content or oxygen infiltrating
from the outside or, conversely, to prevent the stationary
phase from flowing out from the column outlet when the
outlet side of the column is in a vacuum state, such as in the
case of GC/MS, for example.

In this way, the column of a gas chromatograph apparatus
is protected by circulating a carrier gas into the column even
in the standby state. However, when the same amount of the
carrier gas as at the time of measurement is circulated in the
standby state, the running cost becomes high. In order to
alleviate this problem, Patent Literature 1, for example,
proposes a gas chromatograph apparatus which reduces the
flow volume of carrier gas in the standby state.

PATENT LITERATURE 1—Japanese Unexamined Patent
Application Publication 2000-304751

When the gas chromatograph apparatus described in
Patent Literature 1 is used, the flow volume of the carrier gas
in the standby state can be suppressed. However, even if the
flow volume is suppressed, the amount of carrier gas con-
sumption becomes large when the standby state continues
for a long time. In particular, helium gas, which is used as
the carrier gas of many gas chromatograph apparatuses, has
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become increasingly expensive in recent years, and there is
a demand for a scheme to suppress the running cost of the
apparatus.

The problem to be solved by the present invention is to
provide a gas chromatograph apparatus and a gas chromato-
graph mass spectrometry apparatus capable of protecting a
column at low cost in the standby state.

SUMMARY OF THE INVENTION

The present invention, which was conceived in order to
solve the problem described above, is a gas chromatograph
apparatus having a column which separates respective com-
ponents contained in a gas sample introduced via a carrier
gas over time, wherein an analysis mode in which an
analysis of the gas sample is executed and a standby mode
in which an analysis is not executed can be switched and
executed, the gas chromatograph apparatus including:

a) a carrier gas flow path for introducing the carrier gas
into the column;

b) a column protection gas flow path for introducing a
column protection gas separate from the carrier gas into the
column;

¢) a flow path switching part provided between the carrier
gas flow path and the column protection gas flow path and
the column so that only one of the carrier gas or the column
protection gas is introduced into the column; and

d) a flow path control part for introducing the carrier gas
into the column at the time of the analysis mode and
introducing the column protection gas into the column at the
time of the standby mode.

In the gas chromatograph apparatus of the present inven-
tion, a gas that is less expensive than the gas used as the
carrier gas can be used as the column protection gas. For
example, when the carrier gas is helium gas, the column
should be protected in the standby mode (standby state)
using nitrogen gas, argon gas, hydrogen gas, or the like as
the column protection gas. As a result, the column can be
protected at a lower cost than in a conventional chromato-
graph apparatus which protects the column using helium gas
in the standby state. When the carrier gas is hydrogen gas,
nitrogen gas, argon gas, or the like should be used as the
column protection gas.

Further, a gas of the same type as the carrier gas but with
a lower purity may also be used as the column protection
gas.

The gas chromatograph apparatus of the present invention
may include:

e) a flow controller having at least one control mode from
among a constant linear velocity mode, a constant flow
volume mode, and a constant pressure mode as a mode for
controlling a flow state of a gas introduced into the column;

f) a determination part for estimating at least one value of
a linear velocity, a flow volume of the column protection
gas, and a pressure of the column protection gas when the
gas introduced into the column is changed from the carrier
gas to the column protection gas without changing the
control mode of the flow controller and parameters related to
the mode at the time of a transition from the analysis mode
to the standby mode and determining whether the estimated
value is within a preset range; and

g) a change indication part for prompting a user to change
the control mode of the flow controller and/or the parameters
related to the mode by means of a predetermined method if
the determination part determines that the estimated value is
not within the range.
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When the types of gasses differ, the characteristics such as
the viscosity change. Therefore, if the control mode of the
flow controller is continued as it is and the parameters
related to the mode remain the same even after the gas is
switched, the values of parameters controlled with a device
of the gas introduction part (gas flow volume, gas pressure,
and the like) differ when introducing the carrier gas into the
column and when introducing the column protection gas into
the column. For example, when switching the gas to be
introduced into the column from a gas of high viscosity to
a gas of low viscosity while controlling the flow state of the
gas in the constant linear velocity mode, it is necessary to
reduce the flow volume of the gas circulated into the
column. In such a case, the flow volume may drop below the
lower limit of the flow rate that can be controlled by the
device of the gas introduction part, which may make it
impossible to control the flow state of the gas.

Providing the gas chromatograph apparatus of the present
invention with the configuration described above makes it
possible to prevent situations in which the flow volume or
pressure of the gas can no longer be controlled at the time
of a transition from the analysis mode to the standby mode.

The gas chromatograph apparatus of the present invention
may include:

h) a notification part for notifying a user that the replace-
ment of the column protection gas with the carrier gas has
been completed by means of a prescribed method after a
prescribed amount of time has passed since the switching
performed by the flow path switching part at the time of a
transition from the standby mode to the analysis mode.

When transitioning from the standby mode to the analysis
mode, a certain amount of time is required from when the
flow path control part executes the switching of the flow path
switching part until the gas flowing into the column is
replaced with a carrier gas from a column protection gas.
When analysis is initiated prior to the completion of the
replacement of the gas flowing into the column, the mea-
surement precision decreases. On the other hand, waiting for
the completion of the replacement of the gas for an unnec-
essarily long amount of time leads to the loss of time and an
increase in the running cost.

By providing the configuration described above, it is
possible to wait for the initiation of analysis for a sufficient
amount of time required for the replacement of the gas. In
addition, the length of the prescribed amount of time can be
determined by measuring the amount of time required until
the gas flowing into the column is replaced with the carrier
gas in advance.

Alternatively, the gas chromatograph apparatus of the
present invention may include:

i) a mass spectrometry apparatus into which a reference
substance for mass spectrometry can be introduced; and

j) a peak comparison part which, when transitioning from
the standby mode to the analysis mode, performs mass
spectrometry on the reference substance and the column
protection gas and compares intensities of mass peaks of
ions generated from the reference substance and intensities
of mass peaks of ions generated from the column protection
gas.

With this configuration, a certain amount of the reference
substance is continuously introduced into the mass spec-
trometry apparatus after the flow path control part switches
the flow path switching part until the transition from the
standby mode to the analysis mode is completed. Whereas
the intensities of the mass peaks of ions generated from the
reference substance are always constant, the intensities of
the mass peaks of ions generated from the column protection
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gas decrease as the replacement of the gas flowing into the
column progresses. Accordingly, by comparing the intensi-
ties of the mass peaks of the reference substance and the
intensities of the mass peaks of the column protection gas,
it is possible to confirm that the gas flowing into the column
has been replaced with the carrier gas.

In order to prevent the column from deteriorating during
the standby mode, the column is protected by circulating the
gas into the column in the gas chromatograph apparatus of
the present invention in the same manner as in the prior art.
However, in the gas chromatograph apparatus of the present
invention, a gas that is less expensive than the carrier gas can
be used as the protection gas circulated into the column in
the standby mode. For example, when the carrier gas is
helium gas, the column is protected in the standby state
using nitrogen gas, argon gas, hydrogen gas, or the like as
the column protection gas. As a result, it is possible to
protect the column at a lower cost than in the conventional
chromatograph apparatus which protects the column using
helium gas in the standby state.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a drawing for explaining the configuration of the
relevant pats of an embodiment of the gas chromatograph
apparatus of the present invention.

FIG. 2 is a drawing for explaining an example of the
procedure for transitioning from the analysis mode to the
standby mode.

FIG. 3 is a drawing for explaining an example of the
procedure for returning to the analysis mode from the
standby mode.

FIG. 4 is a drawing for explaining the configuration of the
relevant parts of another embodiment of the gas chromato-
graph apparatus of the present invention.

FIG. 5 is a drawing for explaining another example of the
procedure for returning to the analysis mode from the
standby mode.

FIG. 6 is a drawing for explaining the results of the
calculation of the gas flow volume when controlling the flow
state in the constant pressure mode.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

An embodiment of the gas chromatograph apparatus of
the present invention will be described hereinafter with
reference to FIG. 1. The gas chromatograph apparatus of this
embodiment is a GC/MS equipped with a mass spectrometry
apparatus as a detection part.

The GC/MS of this embodiment includes a carrier gas
flow path 1, a column protection gas flow path 2, a flow path
switching part 3 for allowing only one of the aforementioned
two flow paths to communicate with a flow path of a
subsequent stage, a flow controller (AFC) 4 positioned at a
subsequent stage following the flow path switching part 3 so
as to control the flow state of the gas, a sample infusion part
5 for infusing a gas sample, a capillary column 6, and a mass
spectrometry apparatus 11 disposed at the outlet end of the
capillary column 6. The capillary column 6 is disposed
inside a column oven 7 provided with a heater 8.

The GC/MS of this embodiment further includes a device
control part 10 for operating each constituent device
described above and a computer 20 for providing instruc-
tions to the device control part 10. The computer 20, which
is loaded with required programs, comprises a mode switch-
ing part 21, a data processing part 22, a determination part
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23, a change indication part 24, a mode information storage
part 25, and a transition time storage part 26. The details of
each part of the computer 20 will be described below. An
input part 30 and a display part 31 are connected to the
computer. 20.

First, the operation at the time of the analysis mode will
be described. In the GC/MS of this embodiment, helium gas
is used as the carrier gas, and nitrogen gas is used as the
column protection gas. In accordance with an instruction of
the mode switching part 21, the device control part 10
controls the flow path switching part 3 so as to introduce the
helium gas into the capillary column 6 and infuses a gas
sample from the sample infusion part 5 with a prescribed
timing. The flow controller 4 executes control in the constant
pressure mode so that the infusion pressure of the helium gas
at the inlet end of the capillary column 6 is maintained at 100
kPa.

The respective components in the sample introduced into
the capillary column 6 inside the column oven 7 via the
helium gas are separated over time inside the capillary
column 6 and successively reach the outlet end. Each
component reaching the outlet end is ionized by an ioniza-
tion part 111 of the mass spectrometry apparatus 11 and
detected by an ion detector 113 after passing through a mass
spectrometry part 112. After a detection signal obtained by
the ion detector 113 is converted to digital by an A/D
converter (ADC) 15, the signal is sent to the data processing
part 22 in the computer 20.

Next, the transition from the analysis mode to the standby
mode will be described with reference to FIG. 2. When the
user indicates the transition from the analysis mode to the
standby mode via the input part 30, the mode switching part
21 saves the device control parameters at the time of the
analysis mode (the type of the carrier gas, the control mode
of the flow controller 4, the control parameters, and the like)
in the mode information storage part 25 (step S1).

The determination part 23 estimates the gas flow volume
and linear velocity when the gas introduced into the column
is changed from helium gas to nitrogen gas without chang-
ing the control mode (constant pressure mode) of the flow
controller 4 and the control parameters (infusion pressure:
100 kPa) based on preset conditions (the viscosity of the gas,
the inside diameter and length of the capillary column, the
temperature of the column oven, and the like) (step S2). The
determination part 23 then determines whether the estimated
values are within preset ranges of values (the flow volume
range that can be controlled by a gas supply device or the
like, linear velocity range at which the column can be
protected, and the flow volume range permitted by the mass
spectrometry apparatus 11) (step S3). If an estimated value
is outside the range of preset values, the determination part
23 displays a screen on the display part 31 to prompt the user
to change the control mode of the flow controller 4 and/or
the control parameters. When the user changes the control
mode and/or the control parameters in response to this
screen (step S31), the determination part 23 once again
calculates and determines estimated value. This is repeated
until the value estimated by the determination part 23 is
within the preset range of values. Since this embodiment is
a GC/MS, the “flow volume range permitted by the mass
spectrometry apparatus 117 is included as one of the preset
ranges of values, but this differs depending on the type of
detector used.

When the setting of the control mode of the flow con-
troller 4 and the control parameters is complete, the mode
switching part 21 operates the flow path switching part 3 via
the device control part 10 and changes the flow path com-
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municating with the capillary column 6 from the carrier gas
flow path 1 to the column protection gas flow path 2 (step
S4). As a result, the gas introduced into the capillary column
6 is changed from helium gas to nitrogen gas, and the
transition to the standby mode is complete. When the
apparatus transitions to the standby mode, the gas circulat-
ing within the capillary column is gradually replaced with
nitrogen gas from helium gas.

In the GC/MS of this embodiment, the capillary column
can be protected by the nitrogen gas during the standby
mode, so the column can be protected at a lower cost than
in the conventional gas chromatograph apparatus which also
circulates the helium gas during the standby mode as well.

Next, the return to the analysis mode from the standby
mode will be described with reference to FIG. 3. At the point
when the user attempts to end the standby mode, the
nitrogen gas is circulating within the capillary column 6.
Accordingly, prior to initiating the analysis of the gas
sample, it is necessary to replace the nitrogen gas circulating
within the capillary column 6 with helium gas used as the
carrier gas.

The mode switching part 21 first reads out the device
control parameters for the analysis mode from the mode
information storage part 25 (step S5). The mode switching
part 21 then sets the parameters of each device such as the
flow controller 4 via the device control part 10 based on the
device control parameters for the analysis mode that are read
out. The flow path switching part 3 is then operated so as to
revert the flow path communicating with the capillary col-
umn 6 to the carrier gas flow path 1 from the column
protection gas flow path 2 (step S6).

Next, the mode switching part 21 reads out from the
transition time storage part 26 the gas replacement time
required to replace the gas inside the capillary column 6 with
helium gas from nitrogen gas and waits for this amount of
time (step S7). The gas replacement time is also measured by
preliminary experiments and saved in the transition time
storage part 26 in advance.

After the gas replacement time has elapsed, the mode
switching part 21 notifies the user by displaying on the
screen of the display part 31 that the gas circulating within
the capillary column 6 has been replaced with helium gas
and that the sample can be analyzed. In this way, the return
to the analysis mode is complete.

Although the embodiment described above is a GC/MS
using a mass spectrometry apparatus as a detector, the
transition from the analysis mode to the standby mode and
the return to the analysis mode from the standby mode can
be performed with the same procedure when a detector such
as a flame ionization detector (FID) or the like is used. The
mode switching part 21 of this embodiment switches the
mode and also functions as a flow path control part and a
notification part.

Next, another embodiment will be described with refer-
ence to FIGS. 4 and 5, wherein in the return to the analysis
mode from the standby mode, the return to the analysis
mode is thus completed by confirming that the gas inside the
capillary column has been replaced with helium gas from
nitrogen gas by means of a different method.

The apparatus configuration in this case is illustrated in
FIG. 4. This GC/MS is equipped with a reference substance
infusion part 9 for infusion PFTBA as a reference substance
used in mass spectrometry at a position in front of the
ionization part 111. The computer 20 also has a peak
comparison part 27 for performing operations described
below. Since the configuration is otherwise the same as in
the GC/MS illustrated in FIG. 1, all other components are
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labeled with the same symbols and will not be explained. In
addition, since parts of the standby mode transition steps
(step S1 to step S4) and the analysis mode returning steps
(step S5 and step S6) in this embodiment are the same as in
the embodiment described above, these will not be
explained here.

In the configuration illustrated in FIG. 4, after step S6
described above is performed, the reference substance infu-
sion part 9 continues to infuse a constant volume of PFTBA
in accordance with the instruction of the mode switching
part 21 (step S71). As a result, PFTBA is introduced into the
ionization part 111 of the mass spectrometry apparatus in
addition to the nitrogen gas and helium gas, and the respec-
tive gases are ionized. After these ions pass through the mass
spectrometry part 112, the ions are detected by the ion
detector 113. After a detection signal obtained by the ion
detector 113 is A/D-converted by the A/D converter 15, the
signal is spectralized by the data processing part 22 and
displayed on the display part 31 (step S72).

At this time, the peak comparison part 27 compares the
intensities of ions generated from respective nitrogen gas
and PFTBA (step S73). At the point when the ratio of these
peak intensities falls below a preset value, it is assessed that
the gas flowing into the capillary column 6 has been replaced
with the helium gas from the nitrogen gas.

In response to this, the mode switching part 21 notifies the
user by displaying on the screen of the display part 31 that
the sample can be analyzed. PFTBA in this embodiment is
given as an example of the reference substance used in mass
spectrometry, and the type of the reference substance is not,
of course, limited to this example.

Both of the embodiments described above are examples
and can be modified or corrected appropriately in accor-
dance with the gist of the present invention.

For example, in the embodiments described above, cases
in which the carrier gas was helium gas and the column
protection gas was nitrogen gas were explained as examples,
but the present invention is not limited to this combination
and may incorporate a combination in which the column
protection gas is a gas that is less expensive than the carrier
gas. In this case, it is not absolutely necessary to make the
column protection gas a gas of a different type than the
carrier gas, and a gas of the same type as the carrier gas but
with a lower purity may also be used.

In addition, even with a comparatively expensive gas,
there are cases in which the column can be protected at a low
cost by suppressing the flow volume of the gas circulated
into the column based on the characteristics of the column
that is used or the viscosity of the gas in question. An
example of this is illustrated in FIG. 6.

FIG. 6 shows the results of calculating the flow volumes
of various gases (hydrogen gas, helium gas, nitrogen gas,
and argon gas) when the flow controller controls the flow
state of the gas in the constant pressure mode (infusion port
pressure: 100 kPa) and introduces the gas into a capillary
column with an inside diameter of 0.25 mm in the GC/MS
apparatus. FIG. 6 (a) shows the results for the case of a
capillary column with a length of 30 m, and FIG. 6 (b) shows
the results for the case of a capillary column with a length
of 10 m, wherein the results of performing calculations in
the cases in which the temperature of the capillary column
is 40° C. and 100° C., respectively, are shown. When argon
gas is used under these conditions, although the gas itself is
comparatively expensive, the column can be protected at a
low cost by suppressing the flow volume.

In the embodiments described above, examples in which
the flow controller 4 controls the flow state of the gas in the
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constant pressure mode were described, but the flow con-
troller 4 may also control the flow state of the gas in the
constant flow volume mode or the constant linear velocity
mode. In this case, the determination part 23 calculates
estimated values for values other than the parameters con-
trolled by constant values and determines whether the values
are within prescribed ranges of values.

In addition, the apparatus may be configured that the
device control parameters at the time of a plurality of
analysis modes (the types of carrier gasses, the control
modes of the flow controller 4, the control parameters, and
the like) and the device control parameters at a plurality of
standby modes are saved in the mode information storage
part 25 as method files in advance, and the user selects a
desired mode from among these modes via the input part 30
so as to make the mode switching part 21 execute a switch
in the mode (transition from the analysis mode to the
standby mode and return to the analysis mode from the
standby mode). As a result, it becomes unnecessary for the
determination part 23 to make estimations or determinations
each time the mode transitions from the analysis mode to the
standby mode, which increases the efficiency of mode
switching. Moreover, in this case, it is possible to return to
an analysis mode of different device parameters than the
previous analysis mode when returning to the analysis mode
from the standby mode.

In addition, all of the embodiments described above were
described using a gas chromatograph apparatus using a
capillary column as an example, but the present invention
can also be applied to a gas chromatograph apparatus using
a packed column.

EXPLANATION OF REFERENCES

1 ... carrier gas flow path

2 . .. column protection gas flow path
3 . .. flow path switching part

4 . . . flow controller

5 ... sample infusion part

6 . . . capillary column

7 . .. column oven

8 . . . heater

9 . . . reference substance infusion part
10 . . . device control part

11 . . . mass spectrometry apparatus
20 . . . computer

21 . . . mode switching part

22 . .. data processing part

23 . . . determination part

24 . .. change indication part

25 . . . mode information storage part
26 . . . transition time storage part

27 . .. peak comparison part

30 . .. input part

31 ... display part

111 . . . ionization part

112 . . . mass spectrometry part
113 . . . ion detector

What is claimed is:

1. A gas chromatograph apparatus having a column which
separates respective components contained in a gas sample
introduced via a carrier gas over time, wherein an analysis
mode in which an analysis of said gas sample is executed
and a standby mode in which an analysis is not executed can
be switched and executed, said gas chromatograph apparatus
comprising:



US 9,435,774 B2

9

a) a carrier gas flow path for introducing said carrier gas
into said column;

b) a column protection gas flow path for introducing a
column protection gas separate from said carrier gas
into said column;

¢) a flow path switching part provided between said
carrier gas flow path and said column protection gas
flow path and said column so that only one of said
carrier gas or said column protection gas is introduced
into the column;

d) a flow path control part for introducing said carrier gas
into said column at the time of said analysis mode and
introducing said column protection gas into said col-
umn at the time of said standby mode;

e) a flow controller having at least one control mode from
among a constant linear velocity mode, a constant flow
volume mode, and a constant pressure mode as a mode
for controlling a flow state of a gas introduced into said
column;

1) a determination part for estimating at least one value of
a linear velocity, a flow volume of the column protec-
tion gas, and a pressure of the column protection gas
when the gas introduced into said column is changed
from said carrier gas to said column protection gas
without changing the control mode of said flow con-
troller and parameters related to said mode at the time
of a transition from said analysis mode to said standby
mode and determining whether the estimated value is
within a preset range; and

g) a change indication part for prompting a user to change
the control mode of said flow controller and/or the
parameters related to said mode by means of a prede-
termined method if said determination part determines
that said estimated value is not within said range.

2. The gas chromatograph apparatus according to claim 1,

comprising:

h) a notification part for notifying a user that the replace-
ment of the column protection gas with the carrier gas
has been completed by means of a prescribed method
after a prescribed amount of time has passed since the
switching performed by said flow path switching part at
the time of a transition from said standby mode to said
analysis mode.

3. The gas chromatograph apparatus according to claim 1,

comprising:

i) a mass spectrometry apparatus into which a reference
substance for mass spectrometry can be introduced; and

j) a peak comparison part which, when transitioning from
said standby mode to said analysis mode, performs
mass spectrometry on said reference substance and said
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column protection gas and compares intensities of mass
peaks of ions generated from said reference substance
and intensities of mass peaks of ions generated from
said column protection gas.

4. The gas chromatography apparatus according to claim
1, wherein the carrier gas is helium and the column protec-
tion gas is nitrogen.

5. A method for protecting a column in a gas chromato-
graph which separates respective components contained in a
gas sample introduced via a carrier gas over time, wherein
an analysis mode in which an analysis of said gas sample is
executed and a standby mode in which an analysis is not
executed can be switched and executed, said gas chromato-
graph comprising a flow controller having at least one
control mode from among a constant linear velocity mode,
a constant flow volume mode, and a constant pressure mode
as a mode for controlling a flow state of a gas introduced into
said column, the method comprising:

receiving an instruction from a user regarding a selected

mode;

introducing said carrier gas in a carrier gas flow path in

response to said analysis mode being selected by the
user; and

introducing a column protection gas separate from said

carrier gas in response to said standby mode being
selected by the user;
switching between only said carrier gas and only said
column protection gas in response to the instruction of
the user so that only one of said carrier gas or said
column protection gas is introduced into the column by
a flow path switching part provided between said
carrier gas flow path and said column protection gas
flow path and said column;
estimating at least one value of a linear velocity, a flow
volume of the column protection gas, and a pressure of
the column protection gas when the gas introduced into
said column is changed from said carrier gas to said
column protection gas without changing the control
mode of said flow controller and parameters related to
said mode at the time of a transition from said analysis
mode to said standby mode and determining whether
the estimated value is within a preset range; and

prompting the user to change the control mode of said
flow controller and/or the parameters related to said
mode by means of a predetermined method if it is
determined that said estimated value is not within said
range.

6. The method according to claim 5, wherein the carrier
gas is helium and the column protection gas is nitrogen.
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